The effects of twelve kinds of dietary starch flour, i.e. rice (non-glutinous and glutinous), wheat (soft, medium, and hard), barley (roasted), buckwheat (inner layer and straight), corn, sweet potato, kudzu, and tapioca on in vitro calcium phosphate precipitation were investigated using the pH drop method. The induction time was elongated by the addition of all of the kinds of flour. Although the rate of amorphous calcium phosphate (ACP) formation was not affected, the rate of transformation of ACP to hydroxyapatite (HAP) was either stimulated or inhibited by the different types of flour. The following observations were made: (1) When the lipid content below 0.2% (w/w), any of the types of starch had a stimulatory effect on the transformation of ACP to HAP. (2) When the lipid content around or above 1.0% (w/w), the value of the product of (protein content) (mineral content) seems to determine the effect of starch.
INTRODUCTION
Health problems such as cardiovascular disease, obesity and related disorders, dental caries, and cancer are believed to be related to diet [1] . Dental caries is definitely related to total sugar intake; in etiological studies, sucrose was identified as the specific cause of this problem [2, 3] . While the effects of dietary carbohydrates on oral hygiene have been extensively investigated in relation to dental caries [3, 4] , the relationship between the dietary components and the promotion of oral calcification has not been well elucidated.
Oral calcification includes both remineralization of tooth enamel and dental calculus formation. The former can be caused by both endo-and exogenous factors such as salivary flow, salivary mineral levels, and salivary components, antibacterials, fluoride from extrinsic sources, and dietary components [5] . Dental calculus is a calcified dental plaque composed primarily of calcium phosphate mineral salts. Its formation and prevalence have been reported to be associated with the periodontal diseases [6] . The level of calculus formation is affected by several factors including age, gender, diet, oral hygiene, and diabetes [6] . Approximately forty years ago, Baer et al. [7] and Baer and White [8] reported the effects of various types of starch on experimental calculus formation in rats. Starch is a major component of the human diet throughout the world. In the countries of Asia, Europe and other global regions, starch from sources such as rice and wheat is found in a wide variety of foods and constitutes a high percentage of total dietary carbohydrate [4] . Recently, *Address correspondence to this author at the Department of Dental Hygiene, Fukuoka College of Health Sciences, 2-15-1, Tamura, Sawara-Ku, Fukuoka 814-0193, Japan; Tel: 81-92-801-0411, Ext. 108; Fax: 81-92-801-4473; E-mail: sabrnrn@college.fdcnet.ac.jp we reproduced Baer's in vivo results with our in vitro experiment we found that reagent grade starch from corn, rice, and potato remarkably stimulated the rate of transformation of amorphous calcium phosphate (ACP) to hydroxyapatite (HAP) in vitro [9] . However, the types of starch we used in that study were those of reagent grade that were more highly purified as compared to ordinary dietary starch taken as food. In order to critically study the diet-related oral calcification, it is important to use starch products manufactured for daily meal and snacks.
In countries relying on rice as the main staple, up to 60% of daily calories are obtained from cereal products [10] . There are two kinds of rice: Glutinous rice (comprised of 100% amylopectin) is used to make rice cakes because of its sticky nature, while non-glutinous rice (about 80% amylopectin) is taken as daily meal in Asia. Both kinds of rice flour are used for making cakes, snacks, and sweets. Both sweet potato and tapioca (cassava), two major starchy crops used in many tropical countries [11, 12] , are used for snacks in Japan. Sweet potato starch is traditionally used for the production of an alcoholic beverage [13] . Kudzu is a traditional Chinese herb and its starch is used for making cakes and sweets [14] , while its root extract is used to treat alcohol abuse patients [15] . Three kinds of wheat flour are used for different purposes; hard flour is for baking [16] , medium flour is for noodles [17] , and soft flour is for cake or tempura. Corn flour is used to prepare basic nutritional foods in several Latin American countries [18] , and for sweets, snacks, and cakes in Japan. It is also used for feeding cattle [19] . Compared to wheat and rice starch, barley starch is not as commonly used as a food ingredient. It is the prime source of starch (and hence glucose) for the production of alcoholic beverages in most industrial countries [20] . A variety of buckwheat dishes are served throughout the world; noodle dishes made from buckwheat flour are popular in Japan, China, and Italy [21] .
Understanding the popularity of starch-related dishes, and knowing the need for the investigation on their possible role in promoting oral calcification, we undertook this project to study the in vitro effects of different types of starch on calcium phosphate formation. We used the pH drop method to follow the reaction in vitro [22] . Fig. (1) shows an example of the pH record. When phosphate and calcium ions are mixed at pH 7.4, the formation of amorphous calcium phosphate (ACP) can be monitored from the first pH drop. The transformation of ACP to hydroxyapatite (HAP) in vitro can be followed from the second pH drop. The changes occur in two distinct steps as shown in the figure. The effectiveness of any agents that affect the calcium phosphate precipitation can be experimentally studied by measuring (i) the rate of the pH decrease at the first step, (ii) the onset time (as indicated by "a" in the figure) of the second rapid decrease, and (iii) the rate of the pH drop at the second step [22, 23] . Since some compounds and ions are stimulatory [23] [24] [25] , while others are inhibitory or not effective [22, 26, 27] , this pH drop method has come to be used for analyzing the effects of foods and their components. As an example in the case of foods, we have previously applied this method to distinguish bovine bone gelatin from porcine skin gelatin using the difference in their stimulatory patterns of in vitro calcium phosphate precipitation [28] .
In this project, we used twelve kinds of commercial starch dietary flour, i.e. rice (non-glutinous and glutinous), wheat (soft, medium, and hard), barley (roasted), buckwheat (inner layer and straight), corn, sweet potato, kudzu, and tapioca, and investigated their effects on the in vitro formation of calcium phosphate precipitates.
MATERIALS AND METHODS

Chemicals
Corn starch of reagent grade was purchased from Sigma Aldrich Japan Co. (Tokyo, Japan) and used as standard starch. Dietary starch flour: Rice (non-glutinous) (Joshin-ko; Fig. (1) . Representative recording of the rate of pH change induced by the addition of phosphate (ST) to the reaction mixture. Three millimoles calcium and 3 mM phosphate were used. The final volume of the assay solution, which contains 2 mM Hepes buffer (pH 7.4), was 2 ml. The reaction mixture was stirred at 37 ˚C. Changes occur in two distinct steps. The rate of pH/min was determined by drawing a tangent of the first (for the rate of ACP formation) and the second (for the rate of transformation of ACP to HAP) slope, respectively. Induction time was determined between ST and the point (a), which is the intersection (a) between the baseline and the extended line of tangent of second slope. 
Measurements of pH
A pH meter (F-21, Horiba, Japan) with a combination type pH electrode (6378-10D, Horiba, Japan) and a recorder were used for pH measurements. The final volume of the assay solution was 2 ml [22] . The reaction mixture was stirred continuously during the pH measurement procedure, and the temperature was maintained at 37 ± 0.1˚C.
Assay of Amorphous Calcium Phosphate (ACP) Formation, Its Transformation to Hydroxyapatite (HAP), and the Induction Time by the pH Drop Method
Both stock solutions, 100 mM Ca(NO 3 ) 2 and 100 mM KH 2 PO 4 , were prepared in 2 mM Hepes Buffer (pH 7.4). To a 1.88 ml buffer solution (2 mM Hepes buffer; pH 7.4), 60 μl of the calcium stock solution was added. Then, 60 μl of the phosphate stock solution was added to start the reaction. The final concentrations of calcium and phosphate were both 3 mM. An example of the recording is shown in Fig. (1) .
For the study of the effect of dietary starch flour, each of the following types of flour was added to the reaction buffer at a final concentration of 0.1 -5.0 mg/ml, 5 min before the addition of phosphate: Rice (non-glutinous), rice (glutinous), wheat (soft), wheat (medium), wheat (hard), barley (roasted), buckwheat (inner layer), buckwheat (straight), corn, sweet potato, kudzu, and tapioca. Final concentrations of 0.1 -5.0 mg/ml of corn starch (reagent grade) were used as the starch standard. Final concentrations of either 12.5 -125 μg/ml of gluten or 0.25 -2.0 mg/ml (0.38 -3.0 mM) of rutin were used. We also tested the starch hydrolysates formed byamylase (10 μg/ml). The concentration was 2.0 mg/ml for each of wheat (soft), wheat (medium), wheat (hard), barley (roasted), buckwheat (inner layer), buckwheat (straight), sweet potato, and corn flour or corn starch (standard). In order to investigate the effect of maltose [10.0 mg/ml (27.8 mM); a product of -amylase hydrolysis] alone or -amylase (10 μg/ml) alone, each of these was added separately to the reaction chamber in the absence of starch products.
The formation of amorphous calcium phosphate (ACP; ppm Ca 2+ /min), its transformation to hydroxyapatite (HAP; ppm Ca 2+ /min), and the induction time (min) were calculated from the recording of the pH changes. The rate of pH decrease was converted to the rate of consumption of calcium (parts/10 6 /min) [22, 28] . The induction time was determined according to the method of Blumenthal et al. [30] .
The coefficients of variation calculated from this method were below ~10%. 
Hydrolysis of Dietary Starch Flour by -Amylase
Each of three kinds of wheat flour (soft, medium, and hard), barley flour (roasted), two kinds of buckwheat flour (inner layer and straight), sweet potato flour, and corn flour suspension (2.0 mg/ml) or corn starch solution (2.0 mg/ml) in 2 mM Hepes buffer (pH 6.9) containing 6 mM NaCl was mixed with 10 μg/ml -amylase (10 -15 units/mg) from human saliva (type IX-A) and incubated at 37 for 30 min.
X-Ray Diffraction
Twenty min after mixing 3 mM calcium and 3 mM phosphate at 37 in the absence or presence of 2.0 mg/ml standard corn starch, 2.0 mg/ml tapioca flour, 2.0 mg/ml rice flour (glutinous), 2.0 mg/ml wheat flour (hard), or 2.0 mg/ml buckwheat flour (straight), the solution was centrifuged at 2,200 g for 5 min. The calcium phosphate precipitates collected were examined by X-ray diffraction analysis (Rint- The ACP formation was measured by the pH drop method [22] . The concentration of calcium and phosphate were 3 mM each. Additives were added to the reaction mixture 5 min before the addition of 3 mM phosphate. The final volume of assay solution, which contains 2 mM Hepes buffer (pH 7.4), was 2 ml. The reaction mixture was stirred at 37 ± 0.1 . Values were converted to the rate of consumption of calcium (parts/10 6 /min) [22] . 2100V, Rigaku, Japan: CuK radiation, 40 kV and 30 mA) [22] .
Statistical Analysis
Data were obtained from 3 -5 measurements and expressed as the means ± standard deviations. Statistical comparisons were made by ANOVA and Scheffe's Test using a statistics software program. The difference was considered significant at p<0.05.
RESULTS
ACP formation, its transformation to HAP, and induction time after the addition of starch flour from sweet potato, kudzu, and tapioca with low lipid content [ 0.2% (w/w)]
As shown in Fig. (2A) , sweet potato starch flour stimulated the rate of transformation of amorphous calcium phosphate (ACP) to hydroxyapatite (HAP); the stimulation was 220% of the control at the concentration of 2.0 mg/ml. Both kudzu flour and tapioca flour were also stimulative; the respective stimulation rate was 232% and 238% at the same concentration.
As shown in Fig. (2B) , the concentration dependence of the induction time was similar for all types of flour from sweet potato, kudzu, and tapioca. It ranged from 1.6 to 1.8 times the control at the concentration of 5.0 mg/ml. Furthermore, these three types of starch flour did not affect the rate of ACP formation at all (see Table 3 ). ACP formation, its transformation to HAP, and induction time after the addition of starch flour from rice, wheat, barley, buckwheat, and corn with high lipid content [ 1.0% (w/w)]
As shown in Fig. (3A) , both glutinous and non-glutinous rice flour stimulated the rate of the transformation of ACP to HAP. Their stimulation ratios were 243 and 142% of the control (no addition; 13.0 ± 1.3 Ca 2+ ppm/min) at the concentration of 2.0 mg/ml, respectively. As to the three kinds of wheat flour (which have different protein content), their effects are different. Wheat (soft) flour had the highest stimulatory effects, 230% of the control at the same concentration. The stimulation by medium wheat flour was less (152% of the control). Hard wheat flour had no effect. As shown in Fig. (3B) , corn flour stimulated the reaction, was 185% of the control at the concentration of 2.0 mg/ml. Standard corn starch (reagent grade) was stimulative; the stimula- 
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A B tion was 233% of the control at the same concentration. Its stimulation was about 1.25 times higher than that of dietary corn flour and was similar to that of wheat (soft) flour (Fig.  (3A) ). In contrast, barley flour was inhibitory; the inhibition was 35% of the control at the concentration of 2.0 mg/ml. Buckwheat (inner layer) flour inhibited the reaction. The inhibition was 51% of the control at the same concentration. The inhibition by buckwheat (straight) flour was about 2 times of that of inner layer flour (27% of the control at the same concentration).
As shown in (Fig. 4A and B) , the concentration dependence of the induction time for flour from glutinous rice, nonglutinous rice, three kinds of wheat (soft, medium, and hard), buckwheat (inner layer), and corn, including standard corn starch, were similar. Their values were 1.6 -1.9 times higher than that of the control (no addition; 14.8 ± 1.4 min) at the concentration of 5.0 mg/ml. However, at the same concentration, barley and buckwheat (straight) flour had 4.1 and 4.4 times longer induction time as compared to that of the control, respectively (Fig. (4B) ). These nine types of starch flour did not affect the rate of ACP formation at all (see Table 3 ).
Relationship Between the Inhibition of Transformation of ACP to HAP and the Protein Content in Dietary Starch Flour
In an attempt to find a possible cause for the stimulatory/inhibitory effects of the different starch products on the transformation from ACP to HAP, we plotted the relationship between their protein contents (obtained from Table 1 ) and their effects on the transformation at 2 mg/ml (Fig. 5) . A low lipid content group [0.2% (w/w)] made up of sweet potato, kudzu, and tapioca and a high lipid content group [ 1.0% (w/w)] of rice (glutinous and non-glutinous), barley, wheat (soft, medium, and hard), corn, buckwheat (inner layer and straight) formed two separate groups. It is obvious that the effects of the latter group on the transformation rate ranged from 0.27 (inhibition) to 2.43 (stimulation) and no rule could be found between the protein content and the transformation rate. We also examined the relationship between the mineral content (obtained from Table 1 ) and the transformation rate. However, the data were scattered and no rule could be found for mineral content either (data not shown).
Relationship Between the Inhibition of Transformation of ACP to HAP and the (Protein Content Mineral Content) in Dietary Starch Flour
Although neither the protein nor mineral content was correlated with the effects on the transformation rate, the product of (protein content mineral content) seems to be correlated as shown in Fig. (6) . Sweet potato, kudzu, and tapioca with a low lipid content [0.2% (w/w)] and rice (glutinous and non-glutinous), barley, wheat (soft, medium, and hard), corn, buckwheat (inner layer and straight) with a high lipid content [ 1.0% (w/w)] still formed two different groups. However, the latter group now does evidently follow a rule. Namely, the greater the combined value of the product is, the less the stimulation effect. When the value is 4.68, as in the case of wheat (hard), the stimulation was equal to 1.0 (which means no effect). Flour from rice (glutinous and non-glutinous), wheat (soft and medium), and corn, for which the (protein mineral) value was <3.60, exerted an effect on the transformation of ACP to HAP which was stimulatory. On the other hand, in the case of flour from buckwheat (inner layer and straight), and barley, for which the (protein mineral) values was >4.80, the effect was inhibitory.
ACP Formation, its Transformation to HAP, and Induction Time After the Addition of Wheat Gluten and Buckwheat Rutin
As shown in Table 4 , at the concentration range of 12.5 -125 μg/ml, wheat protein gluten inhibited the rate of trans- Fig. (5) . Relationship between the ratio of stimulation (at the concentration of 2.0 mg/ml) and the protein content of dietary starch flour (See Table 2 ). First, dietary starch flour was divided into two groups; low and high lipid groups. High lipid group was further classified by the protein content into either stimulatory or inhibitory. 
Ratio of Stimulation
Protein X Mineral formation of ACP to HAP and elongated the induction time in a concentration dependent manner. At 125 μg/ml, gluten inhibited the transformation by 84% and elongated the induction time 6.9 times. The concentration required for 50% inhibition of the rate of transformation of ACP to HAP was 17 μg/ml. However, this compound did not affect the rate of ACP formation at all. At the concentration range of 0.25 -2.0 mg/ml, buckwheat flavonoid rutin inhibited the rate of transformation of ACP to HAP with an increase of the concentration but it did not elongate the induction time. At the concentration of 2.0 mg/ml (3 mM), rutin inhibited the rate by 72%. The concentration needed for 50% inhibition of the rate of transformation of ACP to HAP was 700 μg/ml (1.1 mM). This compound also did not affect the rate of ACP formation at all.
Fig. (6).
Relationship between the ratio of stimulation (at the concentration of 2.0 mg/ml) and the value of the product (protein content mineral content) of dietary starch flour (calculated from values in Table 2 ). First, dietary starch flour was divided into two groups; low and high lipid groups. High lipid group was further classified in accordance with the value of (protein content mineral content) into either stimulatory or inhibitory. At 4.68 on horizontal axis, where the value for wheat (hard) is located, the rate of stimulation was 1.0, namely, no effect. Furthermore, when the value is <3.3, the -amylase treatment was effective, while when it is >3.6, the treatment was ineffective. The ACP formation, its transformation to HAP, and the induction time were measured by the pH drop method. The concentration of calcium and phosphate were 3 mM each. Additives were mixed with the reaction mixture 5 min before the addition of 3 mM phosphate. The final volume of assay solution, which contains 2 mM Hepes buffer (pH 7.4), was 2 ml. The reaction mixture was stirred at 37 ± 0.1 . Values were converted to the rate of consumption of calcium (parts/10 6 /min) [22] . Gluten (1.0 mg/ml) was solubilized with 1.0 ml of 1N NaOH. Then, the pH of the solution was adjusted to pH 7.4 with HCl. Rutin (40 mg/ml) was solubilized in dimethyl sulfoxide (DMSO). a DMSO: Abbreviation of dimethyl sulfoxide. *Significant difference (p<0.05) when compared to the control (no addition). The values of (protein content mineral content) for sweet potato, wheat (soft), and corn flour were 0.02, 3.2, and 3.3 ( Table 1 and Fig. 6 ). As shown in Table 5 , the hydrolysates of sweet potato, wheat (soft), and corn flour withamylase (10 μg/ml) inhibited the rate of transformation of ACP to HAP by 51, 37 and 34%, as compared to that before the treatment with -amylase. However, the induction time of wheat (soft) and corn flour were not significantly changed by treatment with -amylase. Both the stimulatory effect (on the rate of transformation of ACP to HAP) and the elongating effect (on the induction time) of standard corn starch (reagent grade) were abolished by -amylase treatment (10 μg/ml) prior to the addition. The degrees of the effects caused by the -amylase treatment of standard corn starch were similar to those of sweet potato. The values for wheat (medium), wheat (hard), barley, buckwheat (inner layer), and buckwheat (straight) were 3.6, 4.7, 23.8, 4.8, and 21.6, respectively (Table 1 and Fig. 6 ). As shown in Table 6 , the -amylase (10 μg/ml) treatment with either medium or hard wheat flour did not inhibit the rate of transformation of ACP to HAP significantly. In barley (roasted), buckwheat (inner layer), and buckwheat (straight), the treatment also did not inhibit the rate of transformation of ACP to HAP significantly. In all of these cases, theamylase treatment did not significantly change the induction time. Maltose (10.0 mg/ml; a product of -amylase hydrolysis of starch) alone or -amylase alone did not exhibit any effect.
Table 4. Both gluten and rutin did not affect amorphous calcium phosphate (ACP) formation. Gluten affected both transformation of ACP to hydroxyapatite (HAP) and the induction time, but rutin only influenced transformation of ACP to HAP
Low lipid group High lipid group
Ratio of Stimulation
The X-ray Diffraction Pattern from Tapioca, Rice (Glutinous), Wheat (Hard), and Buckwheat (Hard) Flour
The X-ray diffraction pattern was compared between the conditions of no addition and the addition of dietary starch flour. As the tested starch flours, tapioca flour of the low lipid and high stimulation group, rice (glutinous) flour of the high lipid and high stimulation group, wheat (hard) flour of high lipid and no effect group, and buckwheat (straight) flour of the high lipid and inhibition group or corn starch (standard) were used. The X-ray diffraction pattern from the precipitates in the control experiment had two major peaks (25.9°and 31.8°of the diffraction angle) typical to hydroxyapatite (A in Fig. 7) . The X-ray diffraction pattern of the addition of 2.0 mg/ml corn starch standard is shown in panel B of Fig. 7 . Two major peaks were still evident with a broad peak between 17 -23°of the diffraction angle. Similar diffraction patterns were obtained for the addition of dietary starch flour of 2.0 mg/ml tapioca (C in Fig. 7) , 2.0 mg/ml rice (glutinous) (D in Fig. 7) , 2.0 mg/ml wheat (hard) (E in Fig. 7) , and 2.0 mg/ml buckwheat (straight) (F in Fig. 7) , although only the intensities from the addition of buckwheat were decreased (F in Fig. 7) .
DISCUSSION
Dietary starch flour, which is a powder product extracted from plant seeds or roots, is an important material in the human diet. The dietary flour used in this study contains 69.6 -85.6% (w/w) of carbohydrate comprised of starch ( Table 1) . Starch has long been a major component of the human diet. In Asia, starch components of the diet, particularly from rice, can be found in a variety of foods and constitutes a high percentage of total dietary carbohydrate. For example, in Japan, rice starch occupied 69% of total carbohydrate in 2002 (Ministry of Health, Labour and Welfare of Japan) [31] . Thus, starch may play an essential role for diet-related oral health.
Using twelve kinds of dietary starch flour, we performed the in vitro pH drop measurements and determined the effects on (i) the rate of ACP formation, (ii) the rate of transformation of ACP to HAP, and (iii) the induction time which is the onset time of transformation to HAP. This method was previously shown to be successful in distinguishing bovine bone gelatin from porcine skin gelatin [28] . The extent of the effect on the rate of transformation of ACP to HAP varied in a wide range, namely, from potent stimulation to potent inhibition. All types of flour from glutinous rice, tapioca, kudzu, sweet potato, and wheat (soft) formed one major group, with the highest stimulation by glutinous rice (Figs. (2A), (3A) , and (6)). All types of flour from corn, wheat (medium), and non-glutinous rice formed the second group (low stimulatory group) (Figs. (3A) , (3B), and (6)). Wheat (hard) flour had no effect. Barley and buckwheat flour (inner layer and straight) comprised an inhibitory group, called "inhibitory" because they inhibited the rate of transformation of ACP to HAP Figs. (3B) and (6)). From these results, it was found that not all of the types of dietary starch flour stimulates the rate of transformation of ACP to HAP. These results for dietary Flour from wheat (medium and hard), barley (roasted), buckwheat (inner layer and straight) , and corn after hydrolysis by -amylase did not affect amorphous calcium phosphate (ACP) formation, its transformation to hydroxyapatite (HAP), and the induction time Details are the same as those shown in Table 5 . *Significant difference (p<0.05) when compared to the control (no addition).
starch products are much different from those for reagent grade starch [9] .
The X-ray diffraction patterns between the conditions of no addition and the addition of either corn starch standard or the dietary starch flour of tapioca, rice (glutinous), wheat (hard), and buckwheat (straight) were similar (Fig. 7) . This finding seems to show that hydroxyapatite was produced as the result of the addition of each of the dietary starch flours. A broad peak with a diffraction angle of between 17 -23°indicated an organic substance. The decreased intensities of the two major peaks in buckwheat flour (F in Fig. 7) may be caused by this flour's inhibitory effect.
Since some of the dietary starch flours tested exhibited no stimulatory effect or even an inhibitory effect, we concluded factors other than carbohydrates must possess significant inhibitory effects. In other words, the lipids, proteins and/or ash (minerals), contained in dietary starch flour decreased the rate of transformation from ACP to HAP. These factors were not found in reagent grade starch. As shown in Table 1 , all types of flour contain a certain amount of protein. Starch flour from cereals contains more protein [6.0 -12.5% (w/w)] as compared to tuberous and non-tuberous roots, both of which contain only 0.1 -0.2% (w/w) of protein. The ash content, which reflects the mineral content, varied from 0.1 to 1.9% (w/w). As shown in Figs. (5 and 6) , twelve kinds of dietary starch flour could be categorized by their lipid content, i.e. either below 0.2% (w/w) for sweet potato, kudzu, and tapioca, or approximately 1.0% (w/w) for the other nine flours. When the lipid content below 0.2% (w/w), starch had a 2.2 -2.4 fold stimulatory effect on the transformation of ACP to HAP at the concentration of 2.0 mg/ml. Since standard corn starch (reagent grade) stimulation was 2.3 fold, it is apparent that the stimulation by these three types of flour is essentially equal to that of the reagent grade starch.
We found that gluten (a wheat protein) greatly inhibited the rate of transformation of ACP to HAP, even at a low concentration range (Table 4) . Therefore, it appears that the protein content in the wheat flour is the decisive inhibitory factor in the calcium phosphate precipitation, at least in vitro. Particularly, all three types of the wheat (hard, medium, and soft) and two types of buckwheat (straight and inner layer) flour which contain higher protein content (see Table 1 ) increased the inhibitory extent on the rate of transformation of ACP to HAP (Figs. (3A) and (B) ). Hard wheat flour exhibit no effect, because the inhibitory effect caused by the protein fraction was compensated by the stimulatory effect of starch. This indicates that the proteins in wheat and buckwheat flour might be a possible inhibitor on the in vitro calcium phosphate precipitation. Therefore, in types of starch with a high lipid content [lipid content around or above 1.0% (w/w)], we first attempted to find a relationship between their protein content and the rate of stimulation/inhibition on the transformation of ACP to HAP. However, as shown in Fig. (5) , we did not find any clear relationship between these two parameters.
Consequently, we tested the hypothesis that the effect on the rate may be correlated with the value of the combined product of (protein content mineral content). As shown in Fig. (6) , a good relationship was found between the combination and the rate. When the value was 4.68 (hard wheat), there was no effect on the rate. Flour from rice (glutinous and non-glutinous), wheat (soft and medium), and corn, for which (protein mineral) is <4.68, had a stimulatory effect Fig. (7) . X-ray diffraction patterns of calcium phosphate precipitates produced with (A) no addition, (B) 2.0 mg/ml corn starch (standard), (C) 2.0 mg/ml tapioca starch flour, (D) 2.0 mg/ml rice (glutinous) starch flour, (E) 2.0 mg/ml wheat (hard) starch flour, and (F) 2.0 mg/ml buckwheat (straight) starch flour. Three mM and 3 mM phosphate were used. Experimental conditions are the same as those in Table 4 . on the rate of transformation of ACP to HAP, while flour from buckwheat (inner layer and straight), and barley, for which (protein mineral) is >4.68, exerted an inhibitory effect. Therefore, the value of the product of (protein content mineral content) is suggested to be correlated with the effects on the rate of transformation of ACP to HAP.
Almost all of the proteins tested thus far, e.g. bovine serum albumin, casein, proteoglycans, phosphoproteins, and soybean flour, have displayed inhibitory effects on the formation of calcium phosphate precipitates [9, 22, 32, 33] . Blumenthal [33] has reported the mechanism of inhibition of calcification by several different proteins: Proteoglycans exert their delaying action by a steric effect, serum proteins appear to slow the transformation of ACP to HAP by adsorbing on the ACP surface, and phosphoproteins adsorb on the surface of HAP crystals, blocking active growth sites. Certain metal ions are also known to inhibit calcium phosphate precipitation. Mg 2+ is the most extensively investigated inhibitor. Zn , and Mn 2+ are also reported to have similar effects [23, 34] . In terms of the monovalent ions, Na
1+
has not been shown to cause any effects, while K 1+ is reported to affect apatite formation [34, 35] . Nine mineral elements, i.e. Na, K, Ca, Mg, P, Fe, Zn, Cu, and Mn are present in dietary starch flour ( Table 2 ). It is conceived that those minerals are able to influence the formation of calcium phosphate precipitates. Considerable amounts of these nine minerals are contained in flour from barley and buckwheat (straight), which were found to be extremely inhibitory of the rate of transformation of ACP to HAP. The content of K calculated as 0.63 and 0.52 mM and that of Mg as 0.27 and 0.39 mM at the concentration of 5.0 mg/ml of flour, respectively. It is reported that at the concentration of 250 μM, Mg 2+ inhibited the rate of transformation by 30% and the induction time 1.7 times [23] . It has been suggested that K
and Mg 2+ enter the structure of the forming HAP nuclei by replacing Ca 2+ and thus distorts the atomic structure so that the growth of HAP is affected [33, 34] . Therefore, the observed correlation between the content of protein mineral and the rate of stimulation suggests that there may be a synergistic effect of proteins and metal ions.
Rutin has been reported to inhibit ovariectomy-induced osteopenia in rats [36] . However, Notoya et al. [37] reported that its aglycon (quercetin which is a flavonoid found in plant foods) reduced the rate of deposition of Ca 2+ in the osteoblasts in bone tissue culture. Therefore, whether quercetin increases or decreases bone mass in vivo is controversial. The inhibition of the in vitro calcium phosphate precipitation by rutin (Table 4) is unique, because there was no effect on the induction time, but the rate of transformation of ACP to HAP was markedly inhibited. Such characteristic effect by rutin may be elicited in vitro by an acidic phospholipid, phosphatidylserine (75 μM; Hidaka et al. [22] ) which is involved in the calcium-phospholipid-phosphate complex in mineralizing tissues [38] . This suggests the possibility that rutin plays an important role in the regulation of tissue mineralization. However, in this study, rutin, which is a buckwheat flavonoid, did not influence the reaction as gluten did, perhaps because its content level is very low (19 -168 μg/ml; Kreft et al. [39] ) and because its inhibitory strength was only 1/41 that of gluten (See Results).
The rate of ACP formation was not affected by dietary starch flour ( Table 3 ). The rate of ACP formation has been shown to be decreased by chelating substances, e.g. pyrophosphate, adenosine triphosphate (ATP), ethyleneglycolbis-( -aminoethyether) N,N'-tetraacetic acid (EGTA), and the polyphenols contained in Chinese traditional (Kampo) medicines through the sequestration of calcium from the solutions [22, 26] . Furthermore, bovine serum albumin also decreased the rate of ACP formation [22] . As described above, serum proteins bind to the ACP surfaces so potently they cannot be washed off. It appears this powerful adsorption may cause a slowing of the rate of ACP formation. Therefore, all types of dietary starch flour may contain neither chelating agents nor proteins which strongly adsorb onto ACP.
The -amylase treatment of standard corn starch, sweet potato, corn, and wheat (soft) flour completely abolished their stimulatory effect on the rate of transformation of ACP to HAP (Table 5) . However, the same treatment did not change the inhibitory action of wheat (medium and hard), barley (roasted), or buckwheat (inner layer and straight) flour significantly ( Table 6 ). The results of these -amylase effects can also analyzed in terms of our hypothesis, as follows. When the value of the product of (protein mineral) is above 3.6 (See Fig. 6 ), the enzymatic degradation of starch by -amylase did not further increase the inhibitory effect on the transformation of ACP to HAP. When the value below 3.3, the -amylase digestion abolished the stimulatory effects of starch on the transformation of ACP to HAP. This may be related to the work of Franken et al. [40] who reported a proteinous -amylase inhibitor in wheat flour.
We previously proposed the mechanisms of action ofamylase in oral diseases [9] as follows: In the case of lowamylase activity, the oral reaction proceeds toward the direction resulting in oral calcification (calculus formation or remineralization). In this case, the calculus formation causes a periodontitis and remineralization repair of the decay in dental caries. In contrast, when the hydrolysis by -amylase is extensive (in the case of high -amylase activity), the oral reaction results in acid production followed by dental caries.
However, this previous scheme was developed for reagent grade starch. In the case of dietary starch flour, the influence of some factors other than just the starch which is hydrolyzed by -amylase must be considered in the process of oral reaction. Thus, the previous mechanism needs a modification that should be compatible with actual dietary starch flour which contains both proteins and minerals. When the product of (protein mineral) is below 3.3, a group in which the seven flours of tapioca, kudzu, sweet potato, rice (glutinous), rice (non-glutinous), wheat (soft), and corn were included, the -amylase digestion abolished the stimulatory effects of starch on the transformation of ACP to HAP. Therefore, these seven types of flour appear equivalent to the case as seen in the previous scheme. However, for other five types of flour, of which the value of the product of (protein mineral) is above 3.6, both proteases (that can hydrolyze protein) and chelators (that can bind minerals such as Mg 2+ ), have to be taken into account in the oral reaction. If proteases and chelators from oral bacteria and/or saliva were able to eliminate the influence of proteins and minerals, the oral reaction by the other five flour might also proceed in accord with the previously proposed scheme that depends solely on -amylase activity. However, if the effects of the proteases and chelators are inadequate to this task, the oral process would not follow the previous scheme. In such a case, wheat (medium) flour would promote the oral calcification to some extent and wheat (hard) would have neither a positive nor negative effect. However, dietary starch flour from both barley (roasted) and buckwheat (inner layer and straight) would exclusively inhibit oral calcification, because these flours would inhibit the rate of transformation of ACP to HAP.
CONCLUSIONS
In order to obtain a better understanding of the relationship between dietary starch and oral calcification, we studied the effects of twelve kinds of dietary starch flour on the in vitro formation of calcium phosphate precipitates. The starch flour from rice (non-glutinous and glutinous), tapioca, kudzu, wheat (soft and medium), sweet potato, and corn stimulated the rate of transformation of ACP to HAP. The flour from barley (roasted), buckwheat (inner layer and straight) inhibited it. Wheat (hard) flour had no effect. We attempted to search for the nutritional factors which are responsible for modifying the transformation of ACP to HAP in the different types of dietary starch flour. We developed a hypothesis that the value of (protein content mineral content), rather than the protein content by itself, modifies the rate of transformation. According to our hypothesis, the greater the value is, the more the inhibition of the transformation of ACP to HAP takes place. Furthermore, this theory is able to account for the results of -amylase treatment which we had previously reported.
